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(54) Apparatus and method for fabricating plastic optical fiber

(57)  Anapparatus and method for fabricating a plas-
tic optical fiber are disclosed. In the fabricating appara-
tus, a first container (120) is provided to separately con-
tain the refractive index control materials including at
least a core material. The refractive control materials
have different refractive indexes. A second container
(130) contains a clad material having a different refrac-

tive index from the core material. A crosshead (140)
flows down the refractive index control materials and the
clad material introduced from the first and second con-
tainers by physical extrusion, while restricting the flow
of the refractive index control materials and clad mate-
rials to a predetermined radius. A rotator (150) mixes
the extruded refractive index control and clad materials
concentrically in perpendicular to an extrusion direction.
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Description
CLAIM OF PRIORITY
[0001] This application claims priority under 35 U.S.C. § 119 to an application entitled "Apparatus and Method for
Fabricating Plastic Optical Fiber," filed in the Korean Intellectual Property Office on November 26, 2003 and assigned
Serial No. 2003-84443, the contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates generally to an optical fiber, and in particular, to an apparatus and method for
fabricating a plastic optical fiber having a continuous refractive index distribution in a radius direction from the center
of the optical fiber.

2. Description of the Related Art

[0003] Optical fibers used for communication applications are divided into a single-mode fiber and a multi-mode fiber
depending on to the optical signal transfer mechanism. The widely used optical fibers for long-distance high-speed
communications are mostly step-index single-mode fibers formed of quartz glass as a basic material. The single mode
optical fibers have ultra small diameters in a range of only 5 to 10um and very difficult to align and connect during
manufacturing process which in turn increase the cost. Meanwhile, the multi-mode fibers, having larger diameters than
the single-mode ones, can be adopted for short-range communications. However, the high cost associated with the
connections and its fragility hinder to the use of the multi-mode glass optical fibers for wide applications.

[0004] A metal line such as a twisted pair or a coaxial cable is usually used for short-range communications within
200m like LAN (Local Area Network) and delivers data up to 150Mbps. The metal line, however, does not satisfy the
required data rate for ATM (Asynchronous Transfer Mode) applications in the year 2000s , which is 625 Mbps.
[0005] That is why much effort and research have been focused on the development of polymer optical fibers for
short-range communications like LAN. A plastic optical fiber typically has a diameter larger than a glass optical fiber
by 100 or more times, i.e. 0.5 to 1.0mm due to the flexibility of a polymer material used. The resulting benefits of easy
alignment/connection and the availability of polymer connectors have remarkable reduced the cost.

[0006] The plastic optical fiber is configured in a step-index (Sl) structure having stepwise refractive index variations
in a radius direction, or in a graded-index (Gl) structure having gradual refractive index variations in a radius direction.
Due to the modal dispersion, the Sl plastic optical fiber cannot deliver data faster than the metal line. On the other
hand, the Gl plastic optical fiber is more suitable for the short-range high-speed communication medium because its
large diameter reduces the cost and its small modal dispersion leads to a higher data rate.

[0007] Traditionally, the Gl plastic optical fiber can be fabricated in two ways. One is to draw an optical fiber from a
refractive index-controlled preform, and the other is to continuously extrude polymers having different refractive index-
es.

[0008] In the drawing method, a monomer or polymer is injected into a perform tube or a reactor and polymerized,
thereby producing a clad having a predetermined refractive index in a central direction from the wall of the tube or
reactor. In the same manner, a core material having a different refractive index is injected into the tube or reactor.
Hence, the refractive index gradually increases or decreases from the periphery to the core center in the optical fiber
product. However, it is not easy to freely control the refractive index distribution or achieve a continuously increasing
or decreasing refractive index distribution in the drawing method. This difficulty is worsened if the refractive index
control dopants are used.

[0009] In contrast, the exclusion method creates a gradual refractive index variation due to the diffusion at the bound-
ary between a core and a clad during exclusion by continuously supplying a clad material having a predetermined
refractive index and a core material having a different refractive index. The conventional method of fabricating a plastic
optical fiber by the diffusion of polymers or dopants during extrusion is disclosed in U.S. Patent No. 5,593,621. The
extrusion method also has the drawbacks of a slow extrusion speed and a process difficulty in freely controlling a
refractive index distribution or achieving a continuously increasing or decreasing refractive index distribution.

[0010] A conventional optical fiber extrusion apparatus typically comprises a gas tank having a gas to apply pressure
during the extrusion process, containers for storing a core material and a clad material, a crosshead for combining the
core material with the clad material therein, a diffusion section in which diffusion occurs between a core and a clad,
and a temperature controller.

[0011] FIG. 1is a view illustrating in detail a portion of the conventional optical fiber extrusion apparatus, especially



10

15

20

25

30

35

40

45

50

55

EP 1 536 255 A1

a crosshead 10 and a diffusion section 20. The crosshead 10 comprises a core tube 11, a nut 12, a crosshead housing
13, and die holders 14 and 15. The crosshead 10 is configured so that a core material flows along the center of the
diffuser 20, while a clad material is distributed around the core material. A core material melt is introduced into the
crosshead 10 through the core tube 11. A clad material melt is then introduced into the crosshead 10 through a channel
16 formed in the housing 13 and combined with the core material melt. The diffusion section 20 is screwed to the die
holder 15 by means of a screw. In the diffusion section 20, dopants included in the core and clad materials are diffused
slowly, to create a gradual refractive index variation.

[0012] The diffusion section 20 must be designed to be at least 50cm long. To achieve a good refractive index dis-
tribution, it must be 100 to 400cm long. Consequently, the size of the extrusion apparatus is increased and a longer
time is taken to extrude an optical fiber.

SUMMARY OF THE INVENTION

[0013] An object of the present invention is to substantially solve at least the above problems and/or disadvantages
and to provide at least the advantages below. Accordingly, an object of the present invention is to provide an apparatus
and method for fabricating a plastic optical fiber in which refractive index continuously varies radially from the center
thereof.

[0014] Another object of the present invention is to provide an apparatus and method for fabricating a plastic optical
fiber of which the refractive index distribution is freely controlled.

[0015] In accordance with an aspect of the present invention, in a plastic optical fiber fabricating apparatus, a first
container separately contains refractive index control materials including at least a core material. The refractive control
materials have different refractive indexes. A second container contains a clad material having a different refractive
index from the core material. A crosshead flows down the refractive index control materials and the clad material
introduced from the first and second containers by physical extrusion, while restricting the flow of the refractive index
control materials and clad materials to a predetermined radius. A rotator mixes the extruded refractive index control
and clad materials concentrically in perpendicular to an extrusion direction.

[0016] In accordance with another aspect of the present invention, in a method of fabricating a plastic optical fiber,
one or more refractive control materials including at least a core material are continuously provided. Here, the refractive
control materials have different refractive indexes. A clad material having a refractive index from the refractive index
control materials are continuously provided around the refractive index control materials. The refractive index control
materials and the clad material are extruded with a predetermined radius. The extruded refractive index control material
and clad material are mixed concentrically in perpendicular to an extrusion direction. A plastic optical fiber is drawn
from the mixture.

[0017] Itis preferred that the rotator includes a nozzle engaged with the crosshead so that the nozzle is detachable
and a rotational force supply for rotating the nozzle.

[0018] It is preferred that the core material is provided at a center and the other refractive index control materials
are provided around the core material in the refractive index control material providing step. It is preferred that the clad
material is a polymer obtained by polymerizing at least one monomer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The above and other objects, features and advantages of the present invention will become more apparent
from the following detailed description when taken in conjunction with the accompanying drawings in which:

FIG. 1 is a view illustrating a conventional optical fiber extrusion apparatus, especially illustrating a crosshead
thereof in detail;

FIG. 2 is a block diagram of an optical fiber extrusion apparatus according to an embodiment of the present in-
vention;

FIG. 3 is a view illustrating a crosshead and a rotator in the optical fiber extrusion apparatus according to the

embodiment of the present invention;
FIG. 4A s a sectional view of a core-clad material combination, taken along line A-A' illustrated in FIG. 3;
FIG. 4B s a sectional view of a produced plastic optical fiber, taken along line B-B' illustrated in FIG. 3;
FIG. 5 illustrates the refractive index profile of the plastic optical fiber illustrated in FIG 4B; and
FIG. 6 is a view illustrating the refractive index control principle of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0020] A preferred embodiment of the present invention will be described herein below with reference to the accom-
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panying drawings. For the purposes of clarity and simplicity, well-known functions or constructions are not described
in detail as they would obscure the invention in unnecessary detail.

[0021] FIG. 2 is a block diagram of an optical fiber extrusion apparatus according to an embodiment of the present
invention. As shown, an optical fiber extrusion apparatus 100 includes a gas tank 110, a core material container 120,
a clad material container 130, a crosshead 140, and a rotator 150. While not shown, a flow controller for controlling
the flow rates of a gas, a core material and a clad material, a filter, a temperature controller, a coater, and a winder are
further included in the optical fiber extrusion apparatus.

[0022] The gas tank 110 contains a gas like nitrogen to apply pressure required for extrusion. The core material
container 120 has one or more dopants or polymers having different refractive indexes in different vessels. The clad
material container 130 contains a base polymer as a clad material. The crosshead 140 combines the core materials
with the clad material such that the core-clad material combination has a predetermined radius. The rotator 150 rotates
the core-clad material combination extruded from the crosshead 140 to diffuse the dopants or polymers.

[0023] FIG. 3illustrates a further detailed structure of the crosshead 140 and the rotator 150. As shown, the crosshead
140 comprises a core tube 141, a crosshead housing 142, and die holders 143 and 144. These components are
engaged with one another by means of a nut 145. The core tube 141 may be partitioned into parts A, B, C and D to
accommodate dopants or polymers having different refractive indexes. The rotator 150 comprises a nozzle 151 screwed
under the die holder 144 so that it is detachable, and a rotational force supply 152 having a motor 153 for rotating the
nozzle 151, and a motor controller 154.

[0024] In operation, the core materials are introduced into the crosshead 140 through the parts A, B, C and D of the
core tube 141. The clad material is then introduced into the crosshead 140 through a channel formed in the crosshead
housing 142 and then combined with the core materials. The core-clad material combination is passed through the
nozzle 151 by screw force applied thereto. The nozzle 151 rotates concentrically in perpendicular to a direction in
which the core and clad materials flow down, by use of the motor 153 and the motor controller 154. The mechanical
concentric rotation diffuses or mixes the core and clad materials in a circumferential direction, thereby producing an
optical fiber 1 having a continuous refractive index variation. Note that the refractive index distribution of the optical
fiber 1 depends on the refractive indexes, compositions, and distribution densities of the core and clad materials, an
extrusion speed, and the rotational speed of the nozzle 151.

[0025] FIG. 4A is a sectional view of the core-clad material combination, taken along the line A-A' illustrated in FIG.
3, FIG. 4B is a sectional view of the produced optical fiber, taken along the line B-B' illustrated in FIG. 3, and FIG. 5
illustrates the refractive index profile of the optical fiber illustrated in FIG 4B. In FIG. 4A, reference numeral 41 denotes
a base polymer as a clad material, and reference numerals 42, 43 and 44 denote polymers having different refractive
indexes. From FIGs. 4A, 4B and 5, it is noted that the refractive index of the optical fiber 1 continuously varies through
the mechanical diffusion or mixing caused by the rotation of the nozzle 51.

[0026] On the assumption that the A-A' section of the core-clad material combination introduced into the nozzle 151
has a structure illustrated in FIG. 6, the refractive index between an area having a distance "a" from a fiber center "C"
and an area having a distance "b" from the fiber center C, n(a-b) is the average of the refractive indexes n4, n,, ny and
n4 of polymers P4, P,, P5 and P; with which the refractive index of the optical fiber 1 is controlled can be expressed as:

[n(a” - b) - n(r3 + 5 + 3+ 17) X ngageln(a® - b°)

2 2 2 2 2 2
+(nyry + nyry + ngry + nir)im(a” - b7)

where r; is the radius of an ith refractive index control polymer.
[0027] Hence,

2 2 2
n(@-b) =ngage + Z(N; - Ngage)fi /m(@” -b%)

The above equation tells the arrangement or refractive indexes of the polymers required to achieve a desired refractive
index profile. Typical available polymers and their refractive indexes are listed in Table 1, and typical available refractive
index control materials and their refractive indexes are listed in Table 2. The materials are shown for illustrative pur-
poses, and thus a variety of selections is available for the materials.
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Table 1:
(typical available polymer materials and their refractive indexes)
Polymer Refractive Index
poly-2,2,2-tryfluoroethyl ethacrylate 1.4200
poly methacrylate 1.4920
poly-4-methylcyclohexyl methacrylate 1.4975
polycyclohexyl methacrylate 1.5066
polyfurfuryl methacrylate 1.5381
poly-1-phenylrthyl methacrylate 1.5487
Poly-1-phenylcyclohexyl methacrylate 1.5645
polybezyl methacrylate 1.5680
polyphenyl methacrylate 1.5706
Table 2:
(typical available refractive index control materials and their refractive indexes)
Refractive Index Control Material Refractive Index
BBP, benzyl-n-butyl phthalate 1.5400
DBE, dibenzyl ether 1.5620
PT, phenoxy toluene 1.5730
1,1 bis-(3,4,dimethylphenyl) 1.5640
DPS, diphenyl ether 1.5790
DP, biphenyl 1.5870
DPS, diphenyl sulfide 1.6330
DPM, diphenyl methane 1.5770
1-methoxyphenyl-1-phenylethane 1.5710
benzyl benzoate 1.5680
Bromobenzene 1.5570
o-dichlorobenzene 1.5510
m-dichlorobenzene 1.5430
1,2-dibromoethane 1.5380
3-phenyl-1-propanol 1.5320
BzMA, benzyl methacrylate 1.5670
DOP, dioctyl phthalate 1.4860

[0028] As described above, the plastic optical fiber fabricating apparatus of the present invention further includes
the rotatable nozzle. The nozzle diffuses or mixes core and clad materials circumferentially. Therefore, an optical fiber
having a continuous refractive index distribution can be fabricated and wound without any further diffusion after extru-
sion. As compared to the conventional plastic optical fiber fabricating apparatus, the present invention reduces an
equipment size and shortens the fiber fabrication time. Also, the present invention facilitates the fabrication of an optical
fiber having a continuously increasing or decreasing refractive index distribution and allows a refractive index at any
position of the optical fiber to be freely controlled.

[0029] While the invention has been shown and described with reference to a certain preferred embodiment thereof,
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it will be understood by those skilled in the art that various changes in form and details may be made therein without
departing from the spirit and scope of the invention as defined by the appended claims.

Claims
1. An apparatus for fabricating a plastic optical fiber, comprising:

a first container for separately containing refractive index control materials including at least a core material,
the refractive control materials having different refractive indexes;

a second container for containing a clad material having a different refractive index from the core material;
a crosshead for receiving and extruding the refractive index control materials and the clad material introduced
from the first and second containers in a downward direction, the flow of the refractive index control materials
and clad materials being restricted to a predetermined radius; and

a rotator for mixing the extruded refractive index control and clad materials concentrically in perpendicular to
an extrusion direction.

2. The apparatus of claim 1, wherein the crosshead comprises:

a core tube for receiving the respective refractive index control materials;

a crosshead housing having a channel formed therein for allowing the clad material to be injected therethrough;
and

adie holder for restricting the flow of the refractive index control and clad materials to the predetermined radius.

3. The apparatus of claim 2, wherein the rotator comprises:

a nozzle detachably engaged with the crosshead; and
a rotational force supply for rotating the nozzle.

4. The apparatus of claim 4, wherein the nozzle is up to 50cm long.
5. A method of fabricating a plastic optical fiber, comprising the steps of:

continuously providing one or more refractive control materials including at least a core material, the refractive
control materials having different refractive indexes;

continuously providing a clad material having a refractive index from the refractive index control materials
around the refractive index control materials;

extruding the refractive index control materials and the clad material at a predetermined radius;

mixing the extruded refractive index control material and clad material concentrically in perpendicular to an
extrusion direction; and

drawing a plastic optical fiber from the mixture.

6. The method of claim 5, wherein the core material is provided at a center and the other refractive index control
materials are provided around the core material in the refractive index control material providing step.

7. The method of claim 5, wherein the clad material is a polymer obtained by polymerizing at least one monomer.

8. The method of claim 5, wherein a refractive index n(a-b) between an area spaced from the center of the plastic
optical fiber by "a" and an area spaced from the center of the plastic optical fiber by "b" (a>b) is expressed as

2, 2 2
n(a-b) =ngage + Z(N; - Ngage)l; /m(@” - b")

wherein n; represents the refractive index of an ith refractive index control material, r, represents the radius of the
ith refractive index control material, and ngagg represents the refractive index of the clad material.

9. An apparatus for fabricating a plastic optical fiber, comprising:
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a core material container for containing a core material;

a clad material container for containing a clad material having a different refractive index from the core material;
a crosshead for receiving and extruding the core material and the clad material introduced from the containers,
the flow of the core and clad materials being restricted to a predetermined radius; and

a rotator for mixing the extruded core and clad materials concentrically in perpendicular to an extrusion direc-
tion.

10. An apparatus for fabricating a plastic optical fiber, comprising:

a core material container for containing a core material;

a refractive index control material for containing a refractive index control material by which the refractive index
of a core is controlled;

a clad material container for containing a clad material having a different refractive index from the core material;
a crosshead for receiving and extruding the core material, the refractive index control material, and the clad
material introduced from the containers, the flow of the core, refractive index control, and clad materials being
restricted to a predetermined radius; and

a rotator for mixing the extruded core, refractive index control, and clad materials concentrically in perpendic-
ular to an extrusion direction.
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